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ABSTRACT: 

A plasma-chemical vapor-phase epitaxy system or a chemical vapor deposition (CVD) system 
which can produce a large-sized thin film of good quality is provided. The improved CVD system 
comprises a vacuum container (21, 21a, 21b, 21c) having a quartz glass v^ndow (23, 23a. 23b. 
23c), a substrate (22, 22a, 22b, 22c) disposed within the vacuum container as opposed to the 
window, an antenna type discharge electrode (24. 24a, 24b, 24c) disposed outside of the 
vacuum container as opposed to the window, and a high-frequency power supply (27) for 
feeding electric power to the same electrode. In this way, by disposing an electrode outside of a 
container and exciting with high-frequency electromagnetic waves, a large-sized thin film of good 
quality can be formed. 
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0 A plasma-Chemical vapor-phase epitaxy system 
or a chemical vapor deposition (CVD) system which 
can produce a large-sized thin film of good quality Is 
provided. The improved CVD system comprises a 
vacuum container (21. 21a, 21b, 21c) having a 
quartz glass window (23, 23a, 23b, 23c), a substrate 
(22, 22a, 22b, 22c) disposed within the vacuum 
container as opposed to the window, an antenna 
type discharge electrode (24, 24a, 24b, 24c) dis- 
posed outside of the vacuum container as opposed 
to the window, and a high-frequency power supply 
(27) for feeding electric power to the same elec- 
trode. In this way, by disposing an electrode outside 
of a container and exciting with high-frequency elec- 
tromagnetic waves, a large-sized thin film of good 
quality can be formed. 



Fig. 1 
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BACKGROUND OF THE INVENTION: 

Field of the Invention: 

The present invention relates to a plasma- 
chemical vapor-phase epitaxy system, i.e., a 
chemical vapor deposition system (hereinafter ab- 
breviated as CVD system) which Is suitable for 
manufacture of a thin film for use in various elec- 
tronic devices such as amorphous silicon solar 
cells, thin film semiconductors, photo-sensors, 
semiconductor protective films, etc. 

Description of the Prior Art: 

One example of a parallel plate type plasma 
CVD system in the prior art is illustrated in Fig. 10. 
In this system, substrates 1 are disposed as op- 
posed to a plate type RF (Radio-Frequency) elec- 
trode 5 equipped within a vacuum container 7. 

Reaction gas 2 is made to pass through the RF 
electrode 5, and when an RF voltage is applied 
from an RF power supply to the RF electrode 5, 
plasma is produced. Owing to this plasma, a reac- 
tion occurs and a thin film is formed on the sub- 
strates 1 as a result of CVD. In this figure, refer- 
ence numeral 4 designates a shield, numeral 6 
designates a substrate holder, numeral 8 desig- 
nates a heater for heating substrates, and numeral 
9 designates a thermo-couple for detecting a tem- 
perature. 

Also, one example of an RF induction coupling 
type plasma CVD system in the prior art is shown 
in Fig. 11. In this system, a quartz discharge tube 
13 is mounted above a vacuum container 7a co- 
axially with the container, and around the discharge 
tube 13 is wound a discharging coil 12. In addition, 
substrates la are disposed at the center of the 
vacuum container 7a. 

Reaction gas 2 is introduced from the above of 
the quartz discharge tube 13, and when electric 
power is applied from an RF power supply 3 to the 
discharging coil 12, plasma is produced within the 
discharging tube 19. Thereby, a thin film is formed 
on the substrates la as a result of CVD. 

One example of a photo-CVD system in the 
prior art is illustrated in Fig. 12. A substrate 1b is 
disposed nearly at the center of a vacuum con- 
tainer 7b, and a light source 14 is disposed above 
the substrate lb via a quartz glass window 15. 

Reaction gas introduced into the vacuum con- 
tainer 7b is made to react by energy of light 
radiated from the light source 14. and thereby a 
thin film is formed on the substrate lb as a result 
of CVD. 

A characteristic property of the above-men- 
tioned RF parallel plate type plasma CVD system 
in the prior art is that formation of a film having a 



large area of about 70 cm square is possible, and 
this system belongs to a most orthodox type of 
systems. However, due to the fact that the elec- 
trode is placed within the vacuum container, this 

6 system involves the problems such as mixing of 
impurities released from the electrode and produc- 
tion of particles caused by peeling of films. In the 
case of the RF induction-coupling type plasma 
CVD system, although mixing of impurities of an 

10 electrode would not occur because of the fact that 
a discharging coil is disposed outside of a vacuum 
container, it is difficult to modify so as to deal with 
a large area, hence it is not suitable as a system 
for mass-production, and it is solely used for the 

15 purpose of research. Though the photo-CVD sys- 
tem is not provided with an electrode and hence it 
can produce a film of very high quality, it involves 
the problem that as a film is deposited on a glass 
window, light cannot pass through the window and 

20 formation of a film becomes impossible. 

Summarizing the at>ove-described problems in- 
volved in the heretofore known CVD systems, they 
can be enumerated as follows: 

(1) In the case where an electrode for perform- 
25 ing RF discharge is present In vacuum, genera- 
tion of impurities from the electrode and peeling 
of films would adversely affect a film on a sub- 
strate. 

(2) In a system of introducing excitation energy 
30 from the outside by making use of a coil in 

place of an RF discharging electrode, it is dif- 
ficult to adapt the system for large-area film 
formation. 

(3) In a photo-CVD system, although a film of 
35 high quality can be formed, formation of a film 

would become impossible due to change of a 
glass plate into an opaque state. 
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SUMMARY OF THE INVENTION: 



It is therefore one object of the present inven- 
tion to provide an Improved plasma CVD system, 
which can avoid mixing of particles and impurities 
into a formed thin film, and which makes it possible 
45 to form a thin film having a large area. 

According to one feature of the present inven- 
tion, there is provided a plasma-chemical vapor- 
phase epitaxy system, comprising a vacuum con- 
tainer having a window made of dielectrics, a sub- 
so strata disposed within the vacuum container as 
opposed to the window, antenna type discharge 
means disposed outside of the vacuum container 
as opposed to the window, and a high-frequency 
power supply for feeding electric power to the 
55 antenna type discharge means. 

According to another feature of the present 
invention, there is provided the above-featured 
plasma-chemical vapor-phase epitaxy system, 
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which further comprises a coil disposed so as to 
surround the vacuum container with its axis inter- 
sected at right angles with the axis of the antenna 
type discharge means, and an A.C. power supply 
for feeding electric power to the coil. 

According to the present Invention, owing to 
the first-described structural feature, when reaction 
gas is introduced into the vacuum container and 
electric power is fed to the antenna type discharge 
means, an electromagnetic wave is radiated from 
the antenna type discharge means towards the 
substrate. Due to this electromagnetic wave, plas- 
ma is produced within the vacuum container, there- 
by the reaction gas reacts, and a thin film is 
formed on the substrate as a result of CVD. 

In this way, a thin film can be formed on a 
large-sized substrate, and owing to non-existence 
of an electrode within a vacuum container, mixing 
of impurities from an electrode into a formed film 
nor peeling of a film would not occur. 

Also, according to the present invention, owing 
to the second-<Jescribed structural feature, when an 
electric current is fed from the A.C. power supply 
to the coil, an A.C. magnetic field is generated in 
the axial direction of the coil. Since this magnetic 
field is generated in the direction intersecting at 
right angles to the electric field of the electromag- 
netic wave, the plasma produced by the elec- 
tromagnetic wave is made to swing, and so, a more 
uniform thin film is formed on the substrate. 

The above-mentioned and other objects, fea- 
tures and advantages of the present invention will 
become more apparent by reference to the follow- 
ing description of a number of preferred embodi- 
ment of the invention taken in conjunction with the 
accompanying drawings. 

BRIEF DESCRIPTION OF THE DRAWINGS: 

In the accompanying drawings: 
Fig. 1 is a cross-section view of a general con- 
struction according to a first preferred embodi- 
ment of the present invention; 
Fig. 2 is a perspective view showing details of 
an antenna type discharging electrode portion in 
the same preferred embodiment; 
Fig. 3 is a circuit diagram of an electrode and an 
RF tuning circuit in the same preferred embodi- 
ment; 

Fig. 4 is a three-dimensional diagram to be 
referred to for explaining operations of the same 
preferred embodiment; 

Fig. 5 is a schematic view showing examples of 
an electrode in the same preferred embodiment; 
Fig. 6 is a cross-section view of a construction 
according to a second preferred embodiment of 
the present invention; 

Fig. 7 is a cross-section view of a construction 



according to a third preferred embodiment of 
the present invention; 

Fig. 8 is a cross-section view of a construction 
according to a fourth preferred embodiment of 
5 the present invention; 

Fig. 9 is a cross-section view of a construction 
according to a fifth preferred embodiment of the 
present invention; 

Fig. 10 is a cross-section view of a parallel plate 
70 type system in the prior art; 

Fig. 11 is a cross-section view of an induction 
coupling type system in the prior art; and 
Fig. 12 is a cross-section view of an optical type 
system in the prior art. 

15 

DESCRIPTION OF THE PREFERRED EMBODI- 
MENTS: 

Now, a first preferred embodiment of the 
20 present invention will be explained with reference 
to Figs. 1 through 5. It is to be noted that the 
portion already described in connection to the sys- 
tems in the prior art will be omitted from the 
explanation and the portion relevant to this inven- 
ts tion will be mainly described. 

In Fig. 1, a vacuum container 21 has quartz 
glass windows 23 on its opposite side surfaces. In 
addition, at a central portion of the vacuum con- 
tainer 21 is provided a heater 30 for heating sub- 
30 strates, which has planes in parallel to the windows 
23 on its opposite side surfaces. Furthermore, on 
the opposite side surfaces of the heater 30 are 
disposed substrates 22 which are nearly as large 
as the windows 23. 
35 Also, in the proximity of the outsides of the 
windows 23 are provided antenna type discharging 
electrodes 24 with their axes held nearly vertically, 
and they are respectively covered by high-frequen- 
cy shield boxes 28 made of aluminium. Further- 
40 more, the antenna type discharging electrodes 24 
are respectively connected to a radio-frequency 
(RF) power supply 27 via radio-frequency (RF) 
tuning circuits 25. 

In the antenna type discharging electrode 24, 
45 as shown in detail in Fig. 2, conductor elements 
are disposed in a ladder shape having an external 
size nearly equal to the windows 23, and RF power 
is fed to the elements on the opposite sides via the 
RF tuning circuit 25. In addition, an electric circuit 
50 diagram of this portion is shown in Fig. 3. 

In the above-described embodiment, when a 
thin film of amorphous silicon is to be formed, for 
instance, on a film forming substrate 22 (a wafer of 
glass, silicon or the like), SiH^ gas is supplied into 
56 the vacuum container 21. The pressure in the vacu- 
um container 21 is maintained at about 0.1-1 Torr, 
and the substi'ate 22 is heated by the heater 30 up 
to a predetermined temperature. Then, RF power is 
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fed from an RF power supply 27 of 13.56 MHz to 
the antenna type discharging electrode 24 via the 
RF tuning circuit 25. Then an electromagnetic wave 
having an electric field distribution, which becomes 
a uniform distribution as the position shifts from the 
electrode 24 towards the substrate 22 as shown in 
Fig. 4. is generated. More particularly, while the 
electric field has an uneven distribution radiated 
coaxially from the centers of the electrode ele- 
ments in the vicinity of the electrode 24, the elec- 
tric field distribution would become flat as the posi- 
tion shifts farther from the centers of the electrode 
elements towards the substrate 22 by 20 mm, 40 
mm and so on. Owing to this electric field having a 
flat distribution, uniform plasma 29 is produced 
within the container 21. Reaction gas would react 
due to this plasma 29, and a uniform thin film of 
amorphous silicon is formed on the substrate 22 as 
a result of CVD. 

In this system, the RF shield boxes 28 serve to 
feed electromagnetic waves radiated from the elec- 
trodes 24 into the container 21 and to prevent them 
from leaking out to the external space. Also, the RF 
tuning circuits 25 serve to efficiently feed the elec- 
tric power generated by the RF power supply 27 to 
the electrodes 24. In this way, a thin film can be 
formed on the large-sized substrates 22, and more- 
over, owing to the fact that an electrode is not 
present within the vacuum container 21 , mixing of 
impurities released from the electrodes nor peeling 
of a film does not occur. Also, since electromag- 
netic waves are utilized, there Is provided a CVD 
system which is not influenced even If the quartz 
glass windows were to become opaque. 

It is to be noted that as the antenna type 
discharging electrode 24, beside the above-de- 
scribed type of electrode, an electrode of ladder 
type, spiral type, net type, ribs type, flat plate type, 
zig-zag type, punched plate type. etc. as shown in 
Figs. 5(a) through 5(g) could be employed. 

Next, a second preferred embodiment of the 
present Invention will be described with reference 
to Fig. 6. 

This embodiment is constructed by taking out 
only a left-half or a right-half of the first preferred 
embodiment and arranging it In a horizontal type. 
That Is, a quartz glass window 23a Is disposed on 
a bottom surface of a vacuum container 21a. In this 
figure, reference numeral 22 designates a sub- 
strate, numeral 24a designates an antenna type 
electrode, numeral 25a designates an RF tuning 
circuit, and numeral 28a designates an RF shield 
box. 

Since operations and advantages of this em- 
bodiment are almost similar to those of the first 
preferred embodiment, further explanation thereof 
will be omitted. 

Now a third preferred embodiment of the 



present invention will be described with reference 
to Fig. 7. 

This embodiment is constructed by providing 
the system of the second preferred embodiment in 

5 multiple and integrating them in a large size. In this 
figure, reference numeral 21b designates a vacuum 
container, numeral 30b designates a heater, nu- 
meral 22b designates a plurality of substrates, nu- 
meral 23b designates a plurality of quartz glass 

10 windows provided on the bottom surface of the 
vacuum container 21b, numeral 24b designates 
antenna type discharging electrodes provided at 
the respective window portions, numeral 28b des- 
ignates RF shield boxes surrounding the respective 

15 discharging electrodes, and numeral 25b desig- 
nates RF tuning circuits for the respective dis- 
charging electrodes. The operations and advan- 
tages of the each portion in this preferred embodi- 
ment are almost similar to those of the second 

20 preferred embodiment. In this way, it becomes 
possible to form films simultaneously on a plurality 
of substrates 22b. 

A fourth preferred embodiment of the present 
invention will be described with reference to Fig. 8. 

25 In this embodiment, a quartz glass window 23c Is 
provided on a top surface of a vacuum container 
21c. A substrate 22c is disposed on an inner sur- 
face of the window 23c. Furthermore, an Infrared 
ray heater 30c is provided under the substrate 22c 

30 as opposed thereto to heat a film-forming surface 
of the substrate 22c. It Is to be noted that reaction 
gas supply ports S are provided at upper portions 
of the container 21c and an exhaust port E is 
provided on the bottom surface so that dust may 

35 not attach onto the substrate 22c. The other oper- 
ations and advantages of this embodiment are 
similar to those of the second preferred embodi- 
ment. 

Now a fifth preferred embodiment of the 

40 present invention will be described with reference 
to Fig. 9. In this preferred embodiment, the vacuum 
container portion 21 of the first preferred embodi- 
ment is disposed in a coil 31 connected to an A.C. 
power supply 32 and having Its axis directed horl- 

46 zontally. 

In the above-described construction, in addition 
to the operation similar to the first preferred em- 
bodiment, the coll 31 generates an A.C. magnetic 
field which Intersects perpendicularly to the electric 

60 fields of the electromagnetic waves generated by 
the electrodes 24. Accordingly, particles of the 
plasma 29 produced within the container 21 are 
made to swing, hence formation of a film by CVD 
on the substrates 22 Is promoted, and the formed 

66 film becomes more uniform. 

As will be apparent from the detailed descrip- 
tion of the preferred embodiments above, accord- 
ing to the present invention, since an electrode Is 
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not equipped within a vacuum container, mixing of 
particles peeled off from a formed film nor impuri- 
ties released from an electrode does not occur, 
and in addition owing to the planar antenna type 
discharging electrodes, formation of a large-sized 5 
uniform thin film would become possible. Accord- 
ingly, the subject CVD system is extremely effec- 
tive for use as a manufacturing system of amor- 
phous silicon solar cells, thin film semiconductors, 
photo-sensors, semiconductor protective films, etc. io 

While a principle of the present invention has 
been described above in connection to a number 
of preferred embodiments of the invention, it is 
intended that all matter contained in the above 
description and illustrated in the accompanying is 
drawings shall be interpreted to be illustrative and 
not in a limiting sense. 

Claims 

20 

1. A plasma-chemical vapor-phase epitaxy sys- 
tem, characterized in comprising a vacuum 
container (21, 21a, 21b, 21c) having a window 
made of dielectrics (23, 23a, 23b, 23c), a sub- 
strate (22, 22a, 22b. 22c) disposed within said 25 
vacuum container as opposed to said window, 
antenna type discharge means (24, 24a, 24b, 
24c) disposed outside of said vacuum con- 
tainer as opposed to said window, and a high- 
frequency power supply (27) for feeding elec- 30 
trie power to said antenna type discharge 
means. 

2. A plasma-chemical vapor-phase epitaxy sys- 
tem as claimed in Claim 1, characterized in 35 
that a heater (30, 30a, 30b, 30c) for heating 

said substrate is disposed within the vacuum 
container. 

3. A plasma-chemical vapor-phase epitaxy sys- 4o 
tern as claimed in Claim 1 or 2. characterized 

in that there is provided high-frequency shield 
means (28, 28a, 28b, 28c) covering said an- 
tenna type discharge means. 

45 

4. A plasma-chemical vapor-phase epitaxy sys- 
tem as claimed In any one of Claims 1 to 3, 
characterized In further comprising a coil (31) 
disposed so as to surround said vacuum con- 
tainer with its axis Intersected at right angles so 
with the axis of said antenna type discharge 
means (24), and an A.C. power supply (32) for 
feeding electric power to said coil. 
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